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LIGHT CONTROL METHOD AND LIGHTING
DEVICE USING THE SAME

TECHNICAL FIELD

This invention relates to controlling lighting devices using
gesture recognitions.

BACKGROUND

Remote controllers are important components of many
electrical devices suchas TVs, DVD players, air conditioners,
home theater systems. Nowadays, remote controllers are also
used to control the lighting of the house. The use of remote
controllers facilitates the controlling process since the user
can control the device remotely. However, a user still needs to
find and pick up the remote controller before he or she can
control the device. In addition, many different remote con-
trols are already present in the room for multiple electronic
devices. Further, the different buttons on a remote control can
be confusing to the user. Finally, the costs of a remote control
and the accompanying receiver can be relatively high.

It is desirable to reduce the dependence on remote control-
ler while still providing simple and easy control devices. For
example, lighting systems being controllable remotely with-
out controllers have been demonstrated. For example, a light-
ing system may comprise an infrared transmitting and receiv-
ing unit. The distance between the user hand and receiving
unit can be determined by the intensity of the infrared light
reflected by the user hand and received by the receiving unit.
The brightness or the color of the light output can be adjusted
by changing the distance between the hand and the lighting
device. In this manner the lamp can be dimmed by the hand
position in front of the infrared beam. Such an arrangement is
however relatively inaccurate, as the intensity of the reflected
infrared signal heavily depends on the kind of object that is
moved in the beam. Other disadvantages include that the hand
position can only control one attribute of the light, i.e. the
brightness, and that complicated gestures cannot be differen-
tiated and recognized. Furthermore, the user needs to face
toward the sensor in order to successfully control the device.
In cases where in the light and the sensor are separated by a
large distance or a wide angle, it is anti-intuitive to control a
light by doing gesture in a direction not toward the light.
Other disadvantages may include the inability to accurately
select and control multiple light units.

SUMMARY OF THE INVENTION

It is an object of the invention to obviate the disadvantages
of the prior art.

It is a further object of the invention to provide a gesture
light control method and a lighting device using the method.
The gestures are recognized in three-dimensional space and
single user gesture can control multiple attributes of the out-
put light. Complicated gestures may be differentiated and
recognized to be assigned to control different attributes of the
output light. The gestures can be recognized even when the
user is not facing the sensor, regardless of the direction the
user facing or stance direction of the user.

According to an embodiment, there is provided a light
output control method for a controlling a lighting device by a
motion of an object near an environment. The lighting device
includes a video sensor and a light-emitting unit. The light
output control method includes steps of emitting an infrared
light onto at least a part of the object and at least a part of the
environment, collecting the infrared light reflected by at least
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the part of the object and at least the part the environment as
a two-dimensional depth data sequence of the video sensor,
recognizing the motion of the object by utilizing the two-
dimensional depth data, and controlling the light-emitting
unit to change at least one attribute of the output light if the
motion of the object complies with a predetermined condi-
tion.

According to another embodiment, there is provided a light
output control method for a controlling a lighting device by a
motion of an object near an environment. The lighting device
includes a video sensor and a light-emitting unit. The light
output control method includes steps of emitting an infrared
light onto at least a part of the object and at least a part of the
environment, collecting the infrared light reflected by at least
the part of the object and at least the part the environment as
a two-dimensional depth data sequence of the video sensor,
outputting the two-dimensional depth data sequence via a
wired or wireless outputting communication, obtaining the
two-dimensional depth data sequence, recognizing the
motion of the object by utilizing the two-dimensional depth
data sequence, determining whether the motion of the object
complies with a predetermined condition, issuing a control
signal via a wired or wireless issuing communication if the
motion does comply with the predetermined condition,
receiving the control signal, and controlling the light-emitting
unit to change at least one attribute of the output light.

According to yet another embodiment, there is provided a
light output control method for a controlling a lighting device
by a motion of a first object interacting with a second object
near an environment. The lighting device includes a video
sensor and a light-emitting unit. The light output control
method includes steps of emitting an infrared light onto at
least a part of the first and second objects and at least a part of
the environment, collecting the infrared light reflected by at
least the part of the first and second objects and at least the part
the environment as a two-dimensional video data sequence of
the video sensor, outputting the two-dimensional video data
sequence via a first wired or wireless communication, obtain-
ing the two-dimensional video data sequence, recognizing
the motion of the first object by treating the two-dimensional
video data sequence as a depth data sequence, determining
whether the motion of the first object complies with a first
predetermined condition, deciding whether the second object
complies with a second predetermined condition, issuing a
control signal via a second wired or wireless communication
if the motion does comply with the first predetermined con-
dition and the second object does comply with the second
predetermined condition, receiving the control signal, and
controlling the light-emitting unit to change at least one
attribute of the output light.

According to still another embodiment, there is provided a
lighting device controllable by a motion of an object near an
environment. The lighting device includes at least a light-
emitting unit, an infrared emitter, a video sensor, a processing
unit, and a controlling unit. The infrared emitter emits an
infrared light onto at least a part of the object and at least a part
of the environment. The video sensor collects the infrared
light reflected by at least the part of the object and at least the
part the environment as a two-dimensional brightness data
sequence of the video sensor and outputs the two-dimen-
sional brightness data sequence. The processing unit obtains
the two-dimensional brightness data sequence, recognizes
the motion of the object by treating the two-dimensional
brightness data sequence as a depth data sequence, deter-
mines whether the motion of the object complies with a
predetermined condition, and issues a control signal if the
motion does comply with the predetermined condition. The
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controlling unit receives the control signal and controls the
light-emitting unit to change at least one attribute of the
output light in response to the signal.

The user does not need to face toward the sensor in order to
successfully control the device. For example, the gestures can
be recognized even when the user is facing in a direction 90
degree from the direction of the sensor since the gestures are
recognized in three-dimensional space. The invention allows
the user to control a lighting device intuitively by doing
gestures in a direction toward the light, even when the light
and the sensor are separated by a large distance or a wide
angle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a lighting device
according to an embodiment of the invention.

FIG. 2 is a flowchart illustrating a light output control
method according to an embodiment of the invention.

FIG. 3 is a flowchart illustrating a light output control
method according to a page menu embodiment of the inven-
tion.

FIG. 4 is a flowchart illustrating a light output control
method according to a first object interacting with a second
object embodiment of the invention.

DETAILED DESCRIPTION

For a better understanding of the present invention,
together with other and further objects, advantages and capa-
bilities thereof, reference is made to the following disclosure
and appended claims taken in conjunction with the above-
described drawings.

With reference to FIG. 1, a lighting device 100, in accor-
dance with an embodiment of the invention is shown. The
lighting device 100 is controllable by a motion of a user 102
in lighting environment. For instance, the lighting device 100
may be controllable by a hand gesture from the user in a living
room environment. The lighting device includes a gesture
mapping sensor 110, a processing unit 120, a controlling unit
130, and at least one light-emitting unit 140. The light-emit-
ting unit 140 emits an output light and may include, but is not
limited to, a light emitting diode (LED) for emitting an output
light.

The gesture mapping sensor 110 may include an infrared
projector 111 and a video sensor 112. The infrared projector
111 provides a pattern over the scene. The video sensor 112
can be designed to be able to receive light in infrared range of
the infrared projector 111. The video sensor 112 may be, but
is not limited to, a CMOS or CCD sensor. The video sensor
112 captures a video data sequence of objects in the scene and
the pattern provided by the infrared projector 111. Depth
information is derived from correlating the motion of objects
relative to the displayed pattern using a parallax effect. The
video data sequence provides a two-dimensional depth data
sequence that can be mapped to a color video image, which
provides a form of computer stereo vision. Other methods can
also be used to interpolate object motion and position as, for
example, accomplished in Microsoft® Kinect’s hardware
and software. Thus, the video information captured by the
video sensor 112 contains the depth information throughout
the visible range of the video sensor 112 along the time.

In another embodiment, the gesture mapping sensor 110
may include an infrared projector 111 and a video sensor 112.
The video sensor 112 can be designed to be able to receive
light in infrared range. The video sensor 112 may be, but is not
limited to, a CMOS or CCD sensor. The video sensor 112
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captures a video data sequence. The video data sequence
contains brightness information on every pixel of the two-
dimensional video sensor 112. Thus, the video data sequence
is a two-dimensional brightness data sequence. The infrared
projector 111 emits infrared light in the observable range of
the video sensor 112. The infrared projector 111 is designed
so that the emitted infrared light is distributed substantially
equally throughout the visible range of the video sensor 112.
Preferably, the infrared projector 111 may be, but is not
limited to, an infrared laser scanner. In some embodiments,
the infrared laser scanner emits infrared light to the visible
range of only one or several pixel of the video sensor 112 at
one time. The infrared laser scanner continuously scans the
entire visible range of the video sensor in a very short time-
frame and repeats periodically. The emitted infrared light is
reflected by any object or environment in front of the gesture
mapping sensor 110, and is received by the video sensor 112.
The distance between the video sensor 112 and the light
reflecting object may be determined by the intensity of infra-
red light received by the video sensor 112. In case of the
infrared projector 111 being an infrared laser scanner, the
time stamp information can be used to determined which
pixel region’s depth information is being measured currently
at even higher accuracy. The brightness of each pixel of the
video sensor 112 indicates the depth information of the object
within the visible range of that pixel. Thus, the video infor-
mation captured by the video sensor 112 contains the depth
information throughout the visible range of the video sensor
112 along the time. The two-dimensional brightness data
sequence can be utilized as a depth data sequence.

The gesture mapping sensor 110 is not limited to an infra-
red projector 111 and a video sensor 112. The gesture map-
ping sensor 110 may also be multiple cameras imaging from
different angles to provide stereo data that can be used to
calculate three-dimensional data for captured two-dimen-
sional images. Other source of three-dimensional data may
include, for example, predetermined locations used to gener-
ate three-dimensional data. In this example, the presence of
an individual at an entrance to a room or on a couch may
provide relative positioning used to generate three-dimen-
sional information from the captured images of the user per-
forming the control gesture. In another example, electronic
transmissions from a smartphone or key fob may also be used
to provide relative position data that allow the gesture map-
ping sensor 110 to generate three-dimensional data. In some
embodiments, the position data may be computed by, for
example, the smartphone or personal data assistant and com-
municated to a gesture mapping sensor 110. In another
embodiment, the gesture mapping sensor may detect
reflected transmission of, for example, a key fob. Multiple
sensors at separate positions may be used to determine the
exact location of the key fob and thus user’s gesture by
correlating the received reflected transmission from multiple
sensors at the different locations. In other embodiments GPS
data and/or accelerometer data from the smartphone or other
device can also be used to determine the position of the user
and/or gesture of the user.

In one example, a combination of devices and methods
may be used. A sensor in the room or specific to a lighting
device may determine the presence and general position of
the user. When the user produces a predetermined gesture
with, for example, the smartphone; an accelerometer within
the smartphone allows an application of the smartphone to
determine that the predetermined gesture has been performed
by the user. The smartphone may communicate with a control
device for the lighting device or room by a wireless commu-
nication protocol, for example, Wi-Fi or other protocol. The
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smartphone communicates the gesture request to the control
device. Only the control device of the lighting device that
sensed the user proximity responds to the gesture request. In
another example of a sensor for an entire room, a control
device for a room determines which lighting device the user
intends to control based on the general position sensed and
reacts to the gesture request sensed by the smartphone to
determine which lighting device in the room the user intends
to control.

The depth data sequence throughout the captured images
of'the video sensor 112, along with a time stamp, can instantly
be sent to the processing unit 120, via a wired or wireless
communication. For example, the data sequence may be sent
through a USB cable, or via a WI-FI network. The processing
unit 120 compares the current depth information with the
depth information having past time stamps. The processing
unit 120 detects a motion of a user, i.e. a gesture, when the
depth information changes significantly within a certain time
period. Since the depth data sequence contains continuous
depth information on a two-dimensional coordinate system,
the processing unit 120 is able to interpret the gestures in
three-dimensional space based on the continuous depth infor-
mation. The processing unit 120 then determines the user
input based on the gesture. If the gesture or motion complies
with a predetermined condition, the processing unit 120 sends
the control signal to the controlling unit 130, via a wired or
wireless communication. For example, the control signal can
be sent through a USB cable, or via WI-FI network. The
controlling unit 130 receives the control signal and performs
alight output control operation on the light-emitting unit 140,
by changing one or more attributes of the output light. There-
fore, the output light of the lighting device 100 is controllable
in real time by a user’s body gesture.

Referring FIG. 2, embodiments of lighting control meth-
ods are illustrated in flowchart 200. Embodiments illustrate a
user using a gesture to control the light. A user 102 stands in
front of the video sensor 112 and performs a predetermined
gesture (block 202). The real-time video sequence is capture
by the video sensor 112 and sent to the processing unit 120
(block 204). The depth information is processed and inter-
preted into certain gesture in three-dimensional space by the
gesture mapping sensor 110 or the processing unit 120 (block
206). If the interpreted gesture in three-dimensional corre-
sponds with a certain predetermined gestures (block 208), the
processing unit 120 sends a corresponding control signal to
the controlling unit 130, and the light-emitting unit 130 per-
forms a light output control operation under the direction of
the controlling unit 130 (block 210). If the interpreted gesture
does not correspond with any predetermined gesture, the
processing unit 120 does not send any control signal and there
is no light output control operation.

In other embodiments in accordance with the present
invention, the lighting device detects the user’s gesture in
three-dimensional space inreal time. According to the gesture
of'the user, the lighting device performs a corresponding light
output control operation. One ofthe advantages of the present
invention is that a single user gesture can control multiple
attributes of the output light simultaneously, since the gesture
is recognized in three-dimensional space. For example, the
gesture motion along the depth (z-direction) may be inter-
preted to control the intensity of the output light. Of the same
gesture, the motion along the plane in front of the user (x,y
plane) may be interpreted to adjust the RGB color of the
output light on a color wheel, in a circular motion.

In another embodiment in accordance with the present
invention, an entry gesture may be predefined in the process-
ing unit. For example, the entry gesture may be a gesture of
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“pointing toward the fixture.” Once the entry gesture is cap-
tured and recognized by the processing unit, the lighting
device is activated into a wake mode, which means the light-
ing device is ready to receive any further gesture to control the
lighting operation. The entry gesture may be selected to be
sample to understand by the user and easily recognized by the
gesture mapping sensor 110. An example may include the
user extend an elbow up and moving the forearm in the
direction of the light the user desires to control. In another
example, the user moves the arm in a board stroke upward,
which gains to attention of the gesture mapping sensor 110
and then points in the direction of the light the user desires to
control.

In cases where there are multiple lighting devices, by ana-
lyzing the direction of the pointing gesture, the processing
unit can determine which light-emitting unit that the user
wants to control and sending control signal for only the
desired light-emitting unit. Before receiving the entry ges-
ture, the lighting device can be in a sleep mode to avoid
accidental controls, which means that unintended gestures
are not resulting in controlling the light device in the sleep
mode.

The controlled light output operation may also provide a
visual feedback to the user as an indication of successful
recognition of the user gesture. For example, the lighting
device 140 may blink once to indicate to the user has per-
formed a specific entry and selection gesture to select and
control a specific lighting device. This may allow a user to
differentiate which lighting device in a room has been
selected by the user’s gesture.

After the lighting device blinks and confirms the user’s
selection, the user can then perform more specific gestures to
control attributes of the selected lighting device. The
attributes include, for example, but are not limited to, color
temperature, intensity, on/off ramp rates, timers, and scenes.
The attributes may be cataloged in various pages, menus and
submenus. The controlled light output operation may provide
a visual feedback to the user as an indication of what attribute
the user is currently selecting and/or controlling. For
example, the lighting device 140 may cycle through a portion
of the attribute to indicate to the user, which attribute in a
menu or a submenu the user has selected. For example, the
lighting device may ramp up and down by a small percentage
from the current output to indicate the user has selected to
control the intensity attribute of the lighting device. Inanother
example, a slight shift away and back to the current color
temperature may indicate the user has selected to control the
color emitted by the light device. Various gestures as
described herein may allow the user to efficiently navigate
through the various pages, menus, submenus and select vari-
ous attribute settings.

In one embodiment in accordance with the present inven-
tion, a page-forward gesture may be predefined in the pro-
cessing unit. For example, the page-forward gesture may a
gesture of “tossing a ball toward right.” When the lighting
device is in wake mode, the device is in one of the pages, in
each page, the user is able to control one or more attributes of
the output light. Once the page-forward gesture is captured
and recognized by the processing unit, the processing unit
switch the device to next page corresponding to certain
attribute(s) of the output light.

In another embodiment in accordance with the present
invention, a page-back gesture may be predefined in the pro-
cessing unit. For example, the page-back gesture may be a
gesture of “tossing a ball toward left.” Once the page-back
gesture is captured and recognized by the processing unit, the
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processing unit switches the device to the previous page cor-
responding to certain attribute(s) of the output light.

In another embodiment in accordance with the present
invention, an increase gesture may be predefined in the pro-
cessing unit. For example, the increase gesture may a gesture
of “raising a hand.” Once the increase gesture is captured and
recognized by the processing unit, the processing unit sends a
signal to the controlling unit to increase certain attributes of
the output light, depending on the current page of the device.

In another embodiment in accordance with the present
invention, a decrease gesture may be predefined in the pro-
cessing unit. The decrease gesture may a gesture of “lowering
ahand.” Once the decrease gesture is captured and recognized
by the processing unit, the processing unit sends a signal to
the controlling unit to decrease certain attributes of the output
light, depending on the current page of the device.

In another embodiment in accordance with the present
invention, a circle gesture may be predefined in the process-
ing unit. For example, the circle gesture may a gesture of “the
hand moving along an imaginary circle.” Once the circle
gesture is captured and recognized by the processing unit, the
processing unit interprets the hand position on the imaginary
circle as indicating the targeting value for a certain attribute,
and sends a signal to the controlling unit to adjust the attribute
of the output light to the targeting value, depending on the
current page of the device.

Another advantage of the present invention is that since
multiple parts of the user’s body movement are captured in
three-dimensional space, complicated gestures can be differ-
entiated and recognized. For example, the hand point and the
elbow point both moving forward in a fast pace may be
recognized as a punching gesture, while the hand point mov-
ing forward with the elbow point staying may be recognized
as a throwing gesture. Therefore, many attributes of the out-
put light may be controllable by different gestures without
ambiguity.

In an embodiment in accordance with the present inven-
tion, an entry gesture may involve boarder strokes gestures
that are easier for the gesture mapping sensor 110 to recog-
nize and/or less likely to be confused with gestures that are
not intend by the user to be recognized by the lighting device.
Once the entry gesture is captured and recognized by the
processing unit, the lighting device is activated into a wake
mode. More complicated or intricate gestures may then be
provided by the user to select specific attributes of control. By
using an entry gesture with less intricate features several
advantages can be provided, for example, reduced chance of
unintended activation and/or faster recognition of a entry
command.

In addition, a global coordinate system can be used by the
gesture mapping sensor for the entry gesture. Once the entry
gesture is recognized the gesture mapping sensor can use a
local coordinate system based on the determined location of
the user. This can provide benefits when controlling multiple
lighting devices and/or when the user may be in various
locations in the room or facing various directions. In one
embodiment the gesture mapping sensor may use specific
information of the entry gesture to determine the location and
the direction the user is facing along with the which lighting
device the user intends to control. The gesture-mapping sen-
sor may use directional information of the user to supply a
local coordinate system and better determine subsequent spe-
cific control gestures.

In another embodiment in accordance with the present
invention, an exit gesture may be predefined in the processing
unit. For example, the exit gesture may be a gesture of “toss-
ing a ball toward the fixture” or a board sweeping of the arm
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in the horizontal direction. Once the exit gesture is captured
and recognized by the processing unit, the lighting device
switches to sleep mode, which means no further gesture will
result in controlling the lighting operation (with the except of
future entry gestures). The lighting device may also be con-
figured to have timeout function, which means if there is not
a gesture recognized within a certain time period, the lighting
device automatically switches to sleep mode.

In another embodiment in accordance with the present
invention, a light-on gesture may be predefined in the pro-
cessing unit. The light-on gesture may be the same or similar
to the entry gesture. The light-on gesture may also be a board
or sweeping gesture to provide similar advantages as
described with regard to the entry gesture. For example, the
light-on gesture may a gesture of “fast moving the hand
upward.” Once the light-on gesture is captured and recog-
nized by the processing unit, the processing unit sends a
signal to the controlling unit to turn on the light-emitting unit.
The light-on gesture may be configured as overriding the
wake and sleep modes, which means the light-on gesture can
be recognized and be controlling any time when the lighting
device is running, regardless of being in wake or sleep mode.

In another embodiment in accordance with the present
invention, a light-off gesture may be predefined in the pro-
cessing unit. For example, the light-off gesture may be a
gesture of “moving the hand in a fast downward motion.”
Once the light-off gesture is captured and recognized by the
processing unit, the processing unit sends a signal to the
controlling unit to turn off the light-emitting unit. The light-
off gesture may be configured as overriding the wake and
sleep modes, which means the light-off gesture can be recog-
nized and be controlling any time when the lighting device is
running, regardless of being in wake or sleep mode.

With reference to FIG. 3, a gesture light control method
300, in accordance with an embodiment of the present inven-
tion is shown. Initially the light device may be in sleep mode
status, most gestures may be ignored and not result in con-
trolling the output light in the sleep mode to avoid accidental
controls. Once the processing unit recognizes an entry gesture
(302), the lighting device switches to wake mode. In embodi-
ments with multiple light sources, the user may indicate
which specific light source the user intends to control (304).
Immediately after switching to wake mode, the lighting
device can switch into the default page 1 (306). The page 1 is
the light intensity page. If the processing unit recognizes an
increase or decrease gesture, the processing unit sends corre-
sponding signal to the controlling unit. The controlling unit
increases or decreases the intensity of the output light corre-
spondingly (308). If the processing unit recognizes page-
forward gesture, the processing unit switches the lighting
device into page 2 (310). The page 2 of the lighting device
menu can be, for example, the correlated color temperature
(CCT) page. If the processing unit recognizes an increase or
decrease gesture, the processing unit sends corresponding
signal to the controlling unit. The controlling unit increases or
decreases the correlated color temperature of the output light
correspondingly (312). If the processing unit recognizes
page-back gesture, the processing unit switches back the
lighting device to page 1 (306). If the processing unit recog-
nizes page-forward gesture, the processing unit switches the
lighting device into page 3 (314). The page 3 of the lighting
device menu may be, for example, the color wheel page. Once
the circle gesture is captured and recognized by the process-
ing unit, the processing unit interprets the hand position on
the imaginary circle as indicating the targeting color on a
color wheel, and sends a signal to the controlling unit to adjust
the color of the output light to the targeting color (316). The
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page-back and page-forward gestures are recognized to move
the lighting device back and forward between page 1, 2 and 3.
The lighting device may be configured to have timeout func-
tion, which means during the wake mode if there is not ges-
ture recognized within a certain time period, the lighting
device automatically switches to sleep mode. The light-on
and light-off gestures may be recognized anytime regardless
of'the device being in wake or sleep mode. Once the light-on
or light-off gesture is captured and recognized by the process-
ing unit, the processing unit sends a signal to the controlling
unit to turn on or off the light-emitting device.

In another embodiment in accordance with the present
invention, an environmental gesture may be predefined in the
processing unit. The environmental gesture may be a motion
of'a first object interacting with a second object as illustrated
in the method 400 in FIG. 4. For example, the environmental
gesture may a gesture of “the user picking up and raising a
wine glass.” The wine glass may be predefined in the process-
ing unit or defined previously by the user. Once the environ-
mental gesture is captured and recognized by the processing
unit and the wine glass is recognized as the proper environ-
mental object, the processing unit finds the corresponding
targeting values for a group of attributes, and sends a signal to
the controlling unit to adjust the attributes of the output light
to the targeting values. The environmental gesture may be
configured as overriding the pages, which means the environ-
mental gesture can be recognized and be controlling any time
when the lighting device is in wake mode, regardless of which
page the lighting device is currently in.

The environment gesture is not limited to a physical object.
The environment gesture, for example, may be emitting and/
or directing a beam or source of electromagnetic information.
For example, the combination of an entry gesture and the
emission by infrared remote may be used to signal the user
desires to select a specific scene. In this example, the user may
use the remote control for a TV and press any button causing
an infrared emission while performing an entry gesture with
the hand holding the remote. The lighting device may recog-
nize the environmental gesture (the combination of entry
gesture and infrared emission) and reduce the intensity of
light for specific lighting devices to create a movie scene. In
this example, the exact infrared pattern or communication
code of the infrared signal may be irrelevant to the environ-
ment gesture. The gesture mapping sensor 110 may only be
concerned with the emission of an infrared spectrum combine
with an entry gesture.

In another embodiment in accordance with the present
invention, the gesture mapping sensor may be positioned to
provide efficient recognition of the gesture by the user. The
gestures can be recognized regardless the direction of sensor.
The user does not need to face toward the sensor in order to
successfully control the device. For example, the sensor may
be mounted on the south wall of the room, and one of the
lights may be mounted on the northeast corner of the room.
The user can intuitively control the light by doing gesture
facing the light, instead of facing the sensor. Moreover, when
there are multiple lights, the gesture recognized in three-
dimensional space enables the device to recognize which
light the user want to control.

While the principles of the invention have been described
herein, it is to be understood by those skilled in the art that this
description is made only by way of example and not as a
limitation as to the scope of the invention. Reference numer-
als corresponding to the embodiments described herein may
be provided in the following claims as a means of convenient
reference to the examples of the claimed subject matter
shown in the drawings. It is to be understood however, that the
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reference numerals are not intended to limit the scope of the
claims. Other embodiments are contemplated within the
scope of the present invention in addition to the exemplary
embodiments shown and described herein. Modifications and
substitutions by one of ordinary skill in the art are considered
to be within the scope of the present invention, which is not to
be limited except by the recitations of the following claims.

What is claimed is:

1. A light output control method for a controlling a general
illumination lighting device by a motion of an object near an
environment, the general illumination lighting device com-
prising a video sensor and a light-emitting unit, the light
output control method comprising steps of:

emitting an infrared light onto at least a part of the object

and at least a part of the environment;

collecting the infrared light reflected by at least the part of

the object and at least the part the environment as a
two-dimensional depth data sequence of the video sen-
sor;

recognizing the motion of the object by utilizing the two-

dimensional depth data sequence; and

controlling the general illumination lighting device to

change at least one attribute of the output light if the
motion of the object complies with a predetermined
condition wherein the general illumination device is a
plurality of independently controlled lighting fixtures.

2. The light output control method of claim 1, the light
output control method further comprising steps of:

outputting the brightness data sequence;

obtaining the brightness data sequence;

determining whether the motion of the object complies

with a predetermined condition;

issuing a control signal if the motion does comply with the

predetermined condition; and

receiving the control signal.

3. The light output control method of claim 1, wherein the
object is a human and the motion of the object is a gesture of
the human using one or two arms of the human.

4. The light output control method of claim 1, wherein the
controlling step further comprises:

controlling the light-emitting unit to turn off the output

light if the motion of the object complies with a prede-
termined light-off condition.

5. The light output control method of claim 1, wherein the
controlling step further comprises:

controlling the light-emitting unit to turn on the output

light if the motion of the object complies with a prede-
termined light-on condition.

6. The light output control method of claim 1, wherein the
controlling step further comprises:

controlling the light-emitting unit to adjusting an intensity

of the output light if the motion of the object complies
with a predetermined intensity increase or intensity
decrease condition.

7. The light output control method of claim 1, wherein the
controlling step further comprises:

controlling the light-emitting unit to adjusting a correlated

color temperature of the output light if the motion of the
object complies with a predetermined increase CCT or
decrease CCT condition.

8. The light output control method of claim 1, wherein the
controlling step further comprises:

controlling the light-emitting unit to adjusting a color of

the output light if the motion of the object complies with
a predetermined color wheel condition.

9. The light output control method of claim 1, wherein the

outputting step further comprises:
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outputting the two-dimensional brightness data sequence

via a wired or wireless communication.

10. The light output control method of claim 1, wherein the
issuing step further comprises:

issuing a control signal via a wired or wireless communi-

cation ifthe motion does comply with the predetermined
condition.

11. A light output control method for a controlling a light-
ing device by a motion of a first object interacting with a
second object near an environment, the lighting device com-
prising a video sensor and a lamp, the light output control
method comprising steps of:

emitting an infrared light onto at least a part of the first and

second objects and at least a part of the environment
wherein the first object is a human;

collecting the infrared light reflected by at least the part of

the first and second objects and at least the part the
environment as a two-dimensional video data sequence
of the video sensor;

outputting the two-dimensional video data sequence via a

first wired or wireless communication;

obtaining the two-dimensional video data sequence;

recognizing the motion of the first object by treating the

two-dimensional video data sequence as a depth data
sequence;

determining whether the motion of the first object complies

with a first predetermined condition;

deciding whether the second object complies with a second

predetermined condition;

issuing a control signal via a second wired or wireless

communication if the motion does comply with the first

predetermined condition and the second object does

comply with the second predetermined condition;
receiving the control signal; and

controlling the lamp to change at least one attribute of the

output light of the lamp.

12. The light output control method of claim 11, wherein
the first object is a human and the motion of the first object is
a gesture of the human while holding the second object.

13. A lighting device controllable by a motion of an object
near an environment, the lighting device comprising:

at least two light-emitting units wherein each light-emit-

ting unit are separate general illumination lighting fix-
tures;

an infrared emitter emitting an infrared light onto at least a

part of the object and at least a part of the environment;
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a video sensor collecting the infrared light reflected by at
least the part of the object and at least the part the
environment as a global two-dimensional depth data
sequence of the video sensor relative to a global coordi-
nate system wherein the global coordinate system is
specific to two more light-emitting units and outputting
the global two-dimensional depth data sequence;

a processing unit obtaining the global two-dimensional
depth data sequence and determining whether the
motion of the object complies with a global predeter-
mined condition and issuing a global control signal if the
motion does comply with the global predetermined con-
dition;

the video sensor collecting the infrared light reflected by at
least the part of the object and at least the part the
environment as a local two-dimensional depth data
sequence of the video sensor relative to a local coordi-
nate system wherein the local coordinate system is spe-
cific to one of the light-emitting units and outputting the
local two-dimensional depth data sequence, and issuing
a local control signal if the motion does comply with a
local predetermined condition; and

a controlling unit receiving the local and global control
signals and controlling one of the at least two light-
emitting unit to change at least one attribute of the output
light in response to the local and global control signals.

14. The lighting device of claim 13, wherein the global
predetermined condition is a gesture selecting one of the at
least two light-emitting units.

15. The lighting device of claim 13, wherein the local
predetermined condition is a gesture selecting an attribute of
one of the at least two light-emitting units.

16. The lighting device of claim 15, wherein the attribute of
the output light is an intensity of the output light.

17. The lighting device of claim 15, wherein the attribute of
the output light is a correlated color temperature of the output
light.

18. The lighting device of claim 15, wherein the attribute of
the output light is a color of the output light.

19. The lighting device of claim 15, wherein the attribute of
the output light is an on/off status of the output light.

20. The lighting device of claim 15, wherein the light-
emitting unit comprises a light emitting diode.
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